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FOREWORD

The U. 5. Army Materiel Command has initiated a program to im-
prove satety standards in ammunition plants. To accomplish this goal,
design and safety engineers need to know the maximum blast wave capa-
bility of the explosive and deflagratable materials used in the production
of ammumton.

S:nce the a:r blast characteristics of two little known cxplusive ma-
terials, nitreguanidine (NGu) and guanidine nitrate (GuXN), are not covered
in available literature. Picatinny Arsenal was assigned the responsibility
ol establishing TNT equivalencies for these two materials. The actual
testing involved was accomplished by the IIT Research Institute, Chicago,
illinois. under Contract DAAAZ21-72-C-9695.

The results of this study should be of particular interest to de-
signers of new facilities which will process NGu and GuN. Because of the
dearth of available data (GuN. for example. is not mentioned in AMCP 706-
177. the Engineering Design Handbook--Explosives Series). this report
covers sensitivity, thermal qualities, and other explosive characteristics
in addition to the required TNT equivalencies. By presenting all of this
information in one publication. the author hopes this report will he a mean-
ingfu! contribution to the literature, and a useful source of information.

This report has been approved for issuance by AMSAR-SFD and
AMCSF-E (see Appendix).
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SUMMARY

Tl:is report provides the reader with background information per-
tinent ‘o the shock sensitivity and basic explosive characteristics of nitro-
guanidine {XGu) and guanidine nitrate {GuN). It shows that the critical
ciameter of unconfined NGu lies above 1.27 cm at any density, but at a
density at 1.5 gice, a diameter of 1.43 cm will suffice. Also shown is the
tact that at lower densities and larger diameters this material can enter a
preudo-detonation regime in whick the propagation veiocity can range from
J 10 3.7 mm/usec in lieu of the normal detonation rate of 7 or more mm/usec.

Since the NGu used i the blast output (TNT equivalency) tests
described in this report was unconfined and not pressed, it is assumed
that it propagated at a lower than maximum rate, possibly below the rate
of detonation. The minimum rate of detonation is the velocity of sound
through the material; anything less should properly be referred to as de-
apraticn.

GuX is portrayed as an insensitive material witi- limited explosive
strenpgth and a low detonation rate. Due to this ‘ow propagation rate, it is
doubttul that a true detonation was obtained in the blast tests described
in th:s report.

Eight tests were conducted with nitroguanidine charges in simulated
aluminum storage bins. Since the charge-weight to metal-weight ratio of
these bins was scaled, the degree of confinement of the test charges. like
the full scale system, is insignificant but similar. The charges varied in
weight from 6 to 110 pounds and were initiated from the bottom. In all
cases, the test sample detonated. The scaled magnitude of the blast out-
puts was simi.ar in spite of variations in booster and charge weights.
.\!easured:’pressures ranged {rom 140 to 1 psig at scaled distances of 3 to
37 fibl 3, respectively. Scaled pos:itive impulses ranged from 28 to
1.7 psl-msec;’lbld‘ The maximum pressure and impulse TNT equivalencies
are 140 to 110 percent, respectively, at a scaled distance of 3 ft/1b1/3,

Four tests were conducted with lightly confined GuN charges weigh-
ing 240 to 800 pounds. The GuN was initiated with a Composition (Comp) C4
exp'osive bouster embedded in the top of each charge. Free field pressure
and impulse measurements were made in the scaled distance range of approx-
imately 2 tc 50 ft/1b1/3. The pressure and impulse values were compared to
those produced by a hemispherical surface burst of TNT in order to determ-
ine the TNT «quivalency. The peak pressure TNT equivalency ranged from



140 to 16 percent at scaled distances of 3 to 40 ft/1b1/3_ The GuN tests
showed that the scaled airblast parameters and TNT equivalency results
for the charges tested showed no significant differences due to either
the we:rght of the charge or the size of the booster .



INTRODUCTION

Methods used in the past for siting and designing components of ex-
plosives and propellant manufacturing plants and related facilities have
been based on gross quantities of detonatable materials. Present day tech-
nology has shown that cost effective yet safe facilities can be built if design
criteria are based on the actual explosive output of the materials involved.

TNT Equivalency Testing

A considerable amount of work has already been performed in estab-
lishing the air blast parameters of TNT. Consequently, for facility designs
involving other energetic materials, the required design information can
be expressed in terms of "TNT equivalency.”

TNT peak pressure and impulse equivalencies are obtained by de-
termiaing the weight of TNT that would produce the same peak pressure
ar in.pulse, at the same distance. as any given test charge. It is the ratio
arf this weight of TNT to the test charge weight (wt TNT/wt test charge)
that defines TNT equivalency. For example, if the TNT pressure equivalency
of the test charge is 10 percent, then one pound of TNT would give the same
overpressure at the same distance as 10 pounds of the test charge. The com-
parisons (reference curves) are based on an unconfined hemispherical sur-
face burst of TNT, even though the test charges were a different configuration.

Scaling

A detonation is a virtually instantaneous chemical reaction that liber-
ates large q “antities of gases and heat. The gases are under extremely
high pressure (up to 2,000,000 Ib/in .2 off the face of a charge) and con-
sequently expand rapidly, as shown in Figure 1 (¢, Pg), pushing the
atmospheric air away so fast that it causes a shock wave. Tke pressures
created by a shock wave endure for a period of time [A t]. They can des-
troy buildings and register their passing strength on gages.

Scaling means that the pressures, impulses, duration, and arrival
time from a given explosive charge are predictable for charges of other
weights provided that all other conditions {density, geometry, confinement,
etc.), are constant. The scaling equation is Z = (R/W1/3) Po. Z is the
scaled distance in ft/I1b!/3; R is the radial distance from the center of the
charge in feet; W is the weight of the charge in pounds and Po is the am-

bient pressure in atmospheres. The relationship is illustrated in Figure 1
{a ). IHf blast measurirg devices were placed 2t various distances from a



10-1b charge, then the recorded peak overpressure would be represented
by curve W1. Curve W2 would be developed if a 100-1b charge were deton-
ated at the same point. In this way, a family of parallel curves is o':1ained
for various explosive weights. By dividing actual! gage distances by the
cube root of the charge weight, a single curve evolves when scaling is
applied. See Fig 1 ( b ). This curve enables an estimated calculation of
peak overpressures for any specified charge weight and distance.

(73]
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Fig 1 Scaling
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In this report, scaled distances and scaled impulses have been
corrected to account for the energy contribution of the booster. The explo-
sive weights are based on total charge weights; therefore, they can be
used directly when computing TNT equivalency. The mean curves were
obtaired by mathematically fitting the data points. A method developed by
the IIT Research Institute was used to calculate the TNT equivalency of the
booster. (See Appendix B to Reference 1.)

Objectives
The investigation covered in this report was undertaken:

1. to determine the maximum pressure and positive impulse
of NGu and GuN in terms of TNT equivalencies, and

2. To ascertain the applicability of the air blast scaling law
to these explosives.

DISCUSSION
Shock Sensitivity

NGu is less sensitive tu certain types of shock stimuli than most
standard explosives such as TNT. Table 1 summarizes the available sen-
sitivity data (in comparison with TNT) and shows that GuN is even less
sensitive than NGu.

TABLE 1

Sensitivity characteristics of NGu and GuN

Explosive Impact Bullet Initiation Friction Vacuum

(kg and in.) (.30 cal) (lead azide) Stability
(120°C)
NGu 2/26 NR 0.20 NR 0.44
GuN 10/43 NR INC 2 1b —
Comp C4
TNT 2/14-15 Expl, 0.27 NR 0.23
10%
NR = No reaction
INC = Incomplete reaction



A booster initiation test indicated that GuN is significantly less sen-
sitive to shock than NGu. In this test six lightly confined. locosely packed
charges of NGu were initiated by a 1.06-0z tetryl booster placed at the
bottom of each charge (Fig 2). However, under similar conditions, GuN
responded with an incomplete reaction even though the booster size was
inc:eased by increments to 16 oz of Composition C-4 (RDX/plasticizer
21/9) (Ref 1).

le
r

D

’ ﬁ/ /// Z Simulated storage bin

j / Sample

/ / Detonator

L % Booster

| i
| ! Steel Witness Plate
_J"- '! R B /—Ground Surface

RN “‘k\"g"'«,\\"\V-"‘\\ﬂ\\\\\‘\‘

A\

Fig 2 Loosely packed NGu in test configuration

Explosive Characteristics

GuN ic considered a very weak explosive showing a Trauzl test value
of only 10 percent that of TNT and a detonation velocity of 3700 m/s. NGu
was rated at 95 perceat of TNT in a plate dent test, but in the brisance test
it rated only 73.5 percent (Ref 2). Table 2 summarizes the available explo-
sive data in comparison tc that of TNT.



Table 2

Explosive output of NGu and GuN

Material Trauzl Detonationa Density Ballistic Brisance
(%) (velocity) (g/cc) Mortar %)
NGu 101 27650 at 1.5 104 95
GuN 10 3700 at 1.9 -- -
TNT 100 66490 at 1.56 100 100

¢ = confined in steel tube

Detonation Rate

The detonation rate of unconfined NGu can vary from 2.966 to
8.106 mm, psec, varying largely with density, but diameter is also a
factor. The high velocity was obtained at a diameter of 3.653 ¢cm and
a density of 1.627, which is rather difficult to attain. At the same
diameter, lower densities will generate lower velocities (Ref 3). Since
all of the blast tests reported in this study were conducted at very low
densities (the only compaction being the weight of the dry powder),
the detonation. rates are assumed to be low.

Critical Diameter

A 70 mm smear camera at a writing speed of 1 to 3 mm/usec was
used to approximate the critical diameter of NGu (Ref 3). Critical dia-
meter s the minimum dia.neter at which an explcsive can maintain a
full and constant rate of detonation under a given set of conditions.

An analysis of selected shots from the investigation reveals the
following (Table 3):

1. Shots 105, 106, and 107, the largest diameter charges,
gave what may be cons.dered a full detonation, with velocity over 7000 m/s.
2. Shots 102 and 103 showed that when the diameter re-
rains constant, but the density of the charge is reduced, the velocity
falls to a pseudo-detonation, under 5000 m/s.



3. Shot 159, though of a smaller diameter, had a full
detonation rate because the density was high.

4. Shot 162 exhibited full detonation at a high density.

5. Shot 215, however, with the same diameter as shot 162,
had ar incomplete detonation due to lower density. At this density, it
1s below the critical diameter.

6. Shot 163 proved that it 1s below the critical diameter
because it failed to complete its propagation, even though an extra
hooster was added to a high density charge.

Analysis of these shots shows that the critical diameter of uncon-
lined NGu is above 1.27 cm and varies with the density. See Figure 3.

TABLE 3
Detonation velocities of unconfined NGu®
Detonation Fade-ou

Shot Diameter L/D Density velocity distance

no. (cm) (ratio) (grams,/cc) (mm/usec)  {diameter)
105,106

7107 3.810 5.3 1.389 7.129 avg C

102 & 103 3.810 5.3 0.902 4.772 avg C

159 1.588 12.8 1.817 7.452 C

1€2 1.429 14.2 1.524 7.403 C
215 1.429 14.2 1.216 1.510 4.5 :
163 1.270 16.0 1.521 7.05 13.0 EB

?Data obtained from U. S. Naval Ordnance Laboratory (Ref 3, Table 3)

-
I

= Complete detonation for charge length of 20.32 cm
Fxtra booster
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Fig 3 Relationship of detonation velocity to density for NGu

Thermal Parameters

The thermal properties of boti: NGu and GuN in comparison with
TNT are given in Table 4.

TABLE 4
Thermal parameters of NGu and GuN
Material Explosion Heat of Heat of Heat of
temperature combustion explosion formation

{5 sec) (cal/gr) (cal/gr) (cal/gr)
NGu 275° C 1995 721 227
GuN - o 1715 610 754
TNT 475 C 3620 1080 78.5



EXPERIMENTAL TEST RESULTS

Nitroguanidine
Background

in 1901 Vielle, the famous French explosives expert, investigated
the possibiinty of using NGu as a temperature reducing agent. He found that
when 2 10 to 15 percent quantity of NGu was added to nitrocellulose, the
rexulting propellant was practically flashless and iess erosive than other
propeilants of comparable force. However, due to the presence of sulphur,
th:s prupellant was not stable 11 storage.

Cool. flashless, sulphurless and nor:-erosive propellants con-
tunirg NGu and DEGN were developec in Germany prior to and during World
War il. uncer the cirection of General Gallwitz. In Germany, propellants con-
taiing NGu are called "gudol pulver” (Ref 2), whereas in England they are
called "picrite" even though they do not contain any picric acid.

An independent evaluation of NGu- vs non-NGu-bearing propel-
!arts was made 1n this country. It shows that at equal temperatures, NGu-bear-
ing propellants cause less weight loss and erosion of gun tubes than non-
NGu pearing propellants (Ref 4).

Test Results

The test factors used in the current series of tests are outlined in
Table 5. the physical set-up 1s illustrated in Figure 2. The NGu detonated
In every test. leaving no unburned residue. The witness piates were bent
inc¢ or cracked, and the aluminum cylinders were shattered intc very small
iragments.

T!:e results of blast measurements for peak pressure and scaled
r.pulse were plotted versus scaled distance. Figures 4 and 5 illustrate the
effec's of tvo booster sizes, 1.06-0z tetryl vs 4-0z Comp C4, on two differ-
ent charge weights, 50 and 109 pounds of NGu. Virtually no additional
blast cutput was obtained when the larger booster was used. The differ-
ences 1 peak pressures shown are within the realm of experimental error.

The effects that four different NGu charges weighing 5.86, 24, 50,
and 110 pounds have on pressure and impulse are shown in Figure 6 (for
‘etryl boosters) and Figure 7 (for Comp C4 boosters). These weights
represent scale f{actors of 1/8, 1/5, =~ 1/4, and 1/3. Differences in
peak pressure and impulse are insignificant for sizes evaluated. It

10
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may be concluded that peak pressure and positive impulse are scalable
with weight. wl/3, Duplicate tests were averaged in these plots.

Individual data points for peak pressure and scaled peositive im-
pulse tor NGu are plotted for scaled distance ft/1b1l/3 in Figure 8. Since
this eraph shows the relatively good agreement of the various size charges,
it may be concluded that NGu is following the scaling laws (Ref 1) . Fig-
ure 9 shows both peak pressure and positive impulse in terms of TNT equiv-
alency (TXNT = 100%) based on the maximum data for the scaled distances
shown. Table 6 provides the maximum percent of TNT equivalencies for
NGu gt the scaled distances shown.

Table 6

Maximum TNT equivalencies for NC-ua

Scaied distance Nitroguanidine
(ft/1b1/3) (pressure, % (impulse, %)
3 140 110
9 105 85
18 80 90
10 70 77

%The material was lightly confined. Density was that of dry
material 'as poured’.

Top vs Bottom boostering

Additional tests to compare the effects of top vs bottom boost-
ering ¢i NGu were conducted. Two 35-1b NGu charges were initiated by
30-gm Comp C4 ocosters for each situation. The results are shown graph-
icaily in Figure 10. Examination of the grouped data shows that there is
no significant difference between tests with the booster on the top and those
with the booster on the bottom (Ref 5) . It should be mentioned that these
results are in very good agreement with the data obtained from earlier
tests using 50-1b NGu charges with 4-0z Comp C4 and 30-gm tetryl boosters,
ail bhottom initiated. For NGu test No. 7, which involvecd a 50-1b charge
boostered from the bottom, one solid line on the graph represents the pres-
sure, the other line the impulse.

16
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In spite of these findings, the author does not recommend boost-
ering loose, unconfined powders from the bottom. When GuN was boostered
frem the bottem, both hilast pressure and fireball output were low. Consider-
able black residue plus unburned material were found in the test area after
each firing (Ref 1) . However, when the GuN was boostered from the top.
thereby compressing material against the base plate and causing consider-
able localize@ friction with resulting hot spots, much larger pressure and
tireball measurements were recorded {Ref 6).

Test Configurations

One of the simulated storage bins used in the NGu series of tests
:s 1lustrated in Figure 2 . Aluminum- walled cvlinders were spot-welded to-
gether with aluminum aagles, as shown. The cylinders were volume-sized
by censerving the loading density of a cylindrical storage bin containing
3.€00 pounds of NGu with a volume of 200 cubic feet. The length-to-dia-
meter ratio for each cylinder was 1.0. There was a circular hole in each
end plate. 1 8 as large in diameter as the cross-section of the cylinder.
Ttie thickness of the aluminum was sized by conserving the ratio of the
weight of explosive to the weight of the full size bin. Table 5 lists the
weight of explosive charge plus the scaling factors of the simulated storage
bins used in each test in this series.

Both storage bins and calibration shots were set on a steel wit-
ness plate which was placed on the ground. Different size boosters were cen-
tered in the bottom of the bin (fig 2) . Detonator leads were routed out the
top of the Lin. A premeasured quantity of NGu was poured into the bin
through the top hole.

Test Area

The NGu test area was located in La Porte, Indiana. The test set-
p cour.sisted of a concrete slab and the instrumentation shown in Figure 11.
Six pressure transducers were installed flush with the top surface of the
voncrete slab {to measure the side-on pressure) in mechanically isolated
stee! piates. The test explosive was placed adjacent to one end of the con-
crete slab. Cables from the gages run through a covered trough in the
concrete blast pad, continuing above ground to an instrumentation van
(not shown in Figure 11).
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Calibration

Calibration tests were performed before, during, and after the
regular firings of the pressure measuring system. For the NGu series, 2-1b
charges were used; 5-1b charges were used during the GuN series. In
both instances. the calibration charge consisted of unconfined Comp C4,
hand pressed into a hemispherical shape and fired on a steel witness plate.

The resulting pressure- and impulse-gage points for the vari-
ous scalecd distances of the NGu series are plotted in Figure 12. The close
groupings of the various sets of points provide a good basis of confidence
in the proper functioning of the blast gages. The line that passes through
the “peat. over-pressure” gage points is a TNT pressure curve used as a
standarcd {Ref 7). The line passing through the “scaled positive impulse"
gage points was gererated by the contractor for Comp C4 using a 1.25
tactor to convert the weight of Comp Cd 1o the equivalent weight of TNT.
Botl: ¢f these reference curves were built into the contractor's computer
program: consequently, sll of the TNT equivalencies shown in this report
were derived in this manner,

Guanidine Nitrate
Test Results

The peak pressure data are in good agreement for the three
sizes of GuN charges tested (Fig 13). The impulse data at a scaled distance
of approximately 3 ft,/1bl 3 are quite scattered (Fig 14). At this distanf:e
there appears to be no trend in the impulse data based upon charge weight.
At larger scaled cistances, the impulse data scale very well for the three
different charge weights tested (Table 7} .

Table 7

GuN test factors

Charge ) .

weight Booster weight Bulk density Container
fest no. (b)) Comp C4. (lb) (gm/cc) size, (in.)
GuX-1 480 5.0 0.72 27 cube
GuX-2 480 10.0 0.72 7 cube
Gu\N-3 210 2.8 0.72 27 cube
GuXN-4 100 8.0 6.80 32 cube
Gu\-5° 145 1.0 ———- 20 x 20 cyl

3 rom earlier test (Ref 1).

22



S T
‘ mu@w 8q1/sw-~338d) asindwy 3A}3IF80d PITEIS [:i+11]
. i)
' ! T T SRR It T EE CF R RIS 1IN (NI LRSS SERRE L1 L
i 1T T 208 20 B i1 st iR i et EbRAS RED SR LI
¥ HEN ] 15804 T T T
_ okt ” 144 o
w 2 m”

3

N

2

0
o Spmats SOSTS

BSPAS- DUIES SURNE SF

RIS SVINNERS s}

e
e el B et e Ed .—Q-a.JA~ 0-40-4 -;.-

P REEAS SNPISISES DS

T St Dot ohats et

10

100

PSS geauuini gy Peospiestt DS I

Impulse Scaled Distance (ftllbsln)

~
I3 I8 B 14 SN H 1 Py
1 ¢ £ & ‘e B i -~
tfe I i .uﬂ. 1._“
14 .
an L bhLe 2
B EA S~
1 At Fe)
R radE &
Ll . S 8 ~
m” “M u
RadH S T 2
i : &
! _ ; o
i i ! ! rrd
ot : [
il A B H ]
] i w | a
v e p -
i@l ! ! ) -
L H ‘ : ! o
R ! 3 . H e )
0 t 144 . [ | .
[3 LA ] 1 ] ol , 9
1 e ; Iy L . g
DA a8 SRR o
12 8 X ' . [ &) fo
i ! AL 4
LI
Y ! i n
ol H 4! n
iz sd it 3
e ¥ b v
i ¥
. t
il “
i

23

Fig 12 Calibration test data for NGu



Peak Pressure, psiyg

v

sani

e
boifines

i

e fodie

‘

o

o4
4

dGuno O 480 1b —

iGaN-3 & 806 1b ———

Soun ot O 240 1b e

L rs sgiee g
BERSEt X!

3 BN

102 S R N R e e N e SR CT T TR PO i angh O
........ ‘.ﬂ IPOR ot S0 90
- ST 1T
oun W N
R :
3335 T340
Savad he ol o
SRR T =TT
5y -*.: e
Fr it 133
et 1‘6) lb trTTIiii: 41
b . By sbet dtpmrriiiiss : o0} (oo oub % o 8
b previously A2 o 3 pobed bie ¥
o -
—i-obtained w4 23 usy p
da[a B L] . ‘ S Panes Eabad sanatiios SR SSTES M Ee R S0 X BF B8
] t Y - T S BSeS y * 58 B -
) | mm Bl atad st T : e
10" it e ~t=
e RN N LS IR e 2 SR pe o
Wadares DETRG oved 4N SO0 X
D s DICSTEPRS IS SY TR

sheraag.

SRR

e R
e

-ote
St et TINAL AR LN
-

b

PROERS Riysetesi it SORM IR ED

btefrresbrerbaedobroniecd v baded
B O [ S i

) .
.,.-«.*..“ "j“"'."_“"*'r“' 1ot

1001t

—Data points with tick marks ===

by
P page
4 + -
e § b

3 < 3

B304 Lint) PGS b4 39 <

L B 884 081M iy p

Scaled Distance, A (ftllbl”)

Fig 13 GuN peak pressure




with tick marks
were not used in curve fit.

Data points

PR

'GuN-2-.0.480 1b

————d -

4 .

i
i

vt

37240 1b

o

e

PRI

i

-

i
it

-
ham s N

*

[ R aned Saax

+

ciee
PR SN Ll BT

s el e -

-y

B et TR
v .

77145 1b. previously

B

——
:IGuN-17767430 1b

-
A
d

-«-o—l
1
4
i
HER S Bt

.
send e

:
T

-

T
B Doy B

P

! TP t—
JREDE St B B

I
L
i

——e=
- -
ewwn

ey

et
/I

s
¢

B

N\

17T
® 1
ot
LERRR B!
v
- M
Q.{-}-}
AR B
et 1L
[ Tauk g
IR
Mk
0 4
(B K} .
L B
!

R .4—-“..‘ cee

’—.H.,;

DETENST

et e

10!
Scaled Distance, A (

TN

qr/oesw-bysd ’ssyndur paress

fe/103)

Fig 14 GuN scaled impuise

25



Data from a 145-ih charge, using a 1-1b Comp C4 booster em-
bedded in the bottom, are also included in Figures 13 and 14. The scaled
pressure output from this charge is lower than that of the larger charges
which were boostered from the top. However, the scaled impulse measured
from the 145-1b test is approximately the same as that measured during the
larger weight tests. It is noted that some of the GuN did not ignite during
the 145-1b test. which probably accounts for the low peak pressure.

Roth average pressure and average impulse versus scaled
distance curves were drawn for all charges using top boostering. This
was done by curve fitting all of the peak pressure-scaled distance and
scaled impulse-scaled distance data. respectively, for the charges weigh-
ing 240 pounds or more. Figure 15 illustrates the results of averaging
these curve fits and compares them with the corresponding blast parameters
from a standard hemispherical TNT charge (Ref 7). At small scaled dis-
tances there is more blast output from guanidine nitrate than there is from
TNT (Ref 6).

The TNT equivalence of guanidine nitrate was computed using
the averaged curves f r peak pressure and scaled impulse. The TNT

equivalence is plotted in Figure 15.

The maximum TNT equivalency data for both pressure and
impulse for scaled distances ranging from 3 to 40 ft/ibl/3 js given in
Table 8 and shown graphically in Figure 15.

Table 8

Maximum TNT equivalencies for GuN®

Scaled distance Guanidine nitrate
(ft/1p1/3) (pressure, %) (impulse, %)
3 140 250
9 100 67
18 50 62
10 16 56

%The material was lightly confined. Density was that of dry
material 'as poured'.
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Firebali Size

Fireball radius versus charge weight data, Table 9, is plotted
:n Figure 7. The solid line represents the fireball radius obtained from
several exploding liquid propellant charges. (The liquid propellants used
tc obtain these data were LOX ‘RP-1, LOW/LHz, LOX/RP-ULHZ, and
X,0 ‘N H_ 'UDMH, Reference 8.) The dashed curve to the left in the fig-
ure was obtained from some previous work (Ref 1), in which severai 18 .5~
1b and one 135-1b GuN charges were incompletely ignited from the bottom.
These charges produced smaller scaled fireballs, probably due to poor
ignition, since some of the GuN remained after these tests. The fireballs
procduced during the larger or currant test series (dashed line to the rightj
were more nearly the same size as those produced by propellants (Ref 6).
In these latter tests, the booster was embedded in the top center of the
charge.

Test Configuration

A typical test configuration for the GuN series is illustrated
in Figure 18. Cubical boxes were constructed from 0.25-in.-thick plywood
sheets. Wood 2 by 4's were used at the edges of the boxes, and a few metal
bands were placed around each box for support. The boxes were used to
support and shape the GuN charges, affording minimal confinement. GuN
was luosely poured into the boxes, and large lumps were broken up. but
ne attempt was made to grind or compact the material.

Table 9

GuN fireball data®

Booster Charge Fireball
size weight diameter
Test no. (Ib) (Ib) (ft)
GuX-} 5.0 180 65
GuN-2 10.0 480 65
GuN-3 2.5 240 55
GuN-4 8.0 800 70

“pata from [T Research Institute (Ref 6) .
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Each GuN charge was ignited with a Comp C4 booster. The
boosters were shaped into rough cubes and, in this series, embedded near
the top surface of the charge (Fig 18). Two U. S. Army special electric
blasting caps. wired in parallel, were used to ignite the boosters.

Test Area

The GuN tests were performed at Dugway Proving Ground,
Dugway. Utah, a desert test site free from surface obstructions.

Two motion picture cameras were used to record each test
event. They operated at approximately 4,000 frames per second and were
'acated as shown in Figure 19. Fight fiducial markers were located in each
camera’s field of view. The fiducial marks were used to determine maximum
fireball size. The high spaeed cameras were time sequenced with the shot
firing circuit.

Pressure gages were flush mounted in 20-in.-square by 1-in.-
thick steel plates which were, in turn, flush mounted in the ground and
securecd with stakes. They were located at discrete intervals on a radial
line from ground zero (GZ). Cables from the gages were buried in the immed-
iate area of the charge and laid above ground for the remaining distance to
the instrumentation trailer. The gage positions ranged from 20 to 333 feet
from GZ. Nine gages were positioned in the field to provide greater pres-
sure range flexibility from test to test, though cnly six were used during
any one test (Ref 6).

Detailed information concerning pressure measuring, record-
ing. reproduction and calibration instrumentation, and procedures is con-
tained in Apvendix B of the IIT Research Institute's final report on the
program (Ref 1).
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CONCLUSIONS
Nitroguanidine

1. Is less sensitive to shock initiation than TNT and most other
explosive materials studied except for guanidine nitrate.

2.  Once detonated, can produce a significantly higher peak pres-
sure at close- in distances than that of an equivalent weight of TNT .

3. Appears to follow the scaling laws for explosives within the
parameters tested: consequently. the data contained in this report can be
extrapolated to full size charges.

Guanidine Nitrate

1. Is more difficult to shock initiate than nitroguanidine.

ta

When ignited. has a low rate of detonation.

3. Orce ignited. can produce a peak pressure and positive impulse
significantly greater than that of an equivalent weight of TNT at close-in
distances.

i. Appears to follow the scaling laws for explosives within the
parameters studied: consequently, the data contained in this report can
be extrapolated to full size charges.
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APPENDIX

Approval of Preliminary Report on the TNT Equivalencies
of Nitroguanidine and Guanidine Nitrate

Preceding page hlank
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Captain, USN
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